Introduction {#s1}
============

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary malignant tumor of the liver.[@b1],[@b2] ICC accounts for up to 8--10% of all cholangiocarcinomas and 10--20% of all primary liver tumors.[@b1] Mortality from ICC has risen globally,[@b2] and recent data have indicated that the occurrence of ICC on cirrhosis is increasing.[@b1],[@b2] ICC is considered more aggressive than hepatocellular carcinoma. Resection is the treatment of choice because it increases survival.[@b3] Nevertheless, some researchers have recently reported on ICC patients unfit for surgery who were treated with percutaneous thermal ablation, initially radiofrequency and later microwaves.[@b4]--[@b10]

According to the literature, survival of patients with small (\<3 cm) tumors was better than that of patients with larger tumors. In 2017, Shindoh[@b11] reviewed published studies on ablative therapies of ICC, which at that time were limited in number and with small numbers of treated patients. On the basis of literature data and upon the experience of his Hospital Institution, this author proposed an algorithm that considered ablation as an alternative treatment option to surgery in unresectable ICC patients. In this algorithm, radiofrequency ablation (RFA) appeared to be the technique of choice.[@b11] We also commented[@b12] on the proposal of Shindoh and agreed that "only limited evidence from a small number of studies has been reported because of the rarity of this tumor", and that thermal "ablation therapies could be the treatment of choice for selected cases of ICC".

Nevertheless, we concluded that "most likely RFA should be replaced by microwave ablation (MWSA) that is able to ensure a complete ablation of tumor nodules \<3--3.5 cm, determining a sufficient ablative margin of the tumor just for the properties inherent in the technique".[@b12] In fact, compared to RFA, MWSA induces a larger volume of necrosis in a faster time and without the so-called sink effect. Furthermore, compared to RFA, MWSA is able to determine a spherical size of the ablated area with a predictable volume of necrosis.[@b13],[@b14]

Therefore, the aim of the present study was to report long-term survivals of ICC unresectable patients treated with RFA compared to those treated with MWSA.

Methods {#s2}
=======

Long-term results of 71 ICC patients with 98 nodules consecutively treated with RFA or MWSA between January 2008 and June 2018 in five ultrasound (US) Interventional Units of Southern Italy were retrospectively reviewed. There were 37 males and 34 females (mean age: 74 ± 9 years). Diagnosis of ICC was obtained with percutaneous US-guided biopsy using a 18G cutting needle, in all cases. Patients were included in the study when they met the following criteria: age \>18 years; no resectability, according to the judgement of an expert hepatobiliary surgeon of every Institution (*n* = 63); refusal of surgery (*n* = 8); absence of distant metastases; absence of vascular invasion; and absence of dilatation of the biliary tree on US, contrast-enhanced computed tomography (CECT) and/or contrast-enhanced magnetic resonance imaging (CEMRI). Presence of mild ascites was not an absolute contraindication for ablation. Patients were excluded when they had more than three nodules (with the largest one \>5 cm) or a single nodule \>8 cm. Patients with cirrhosis and superimposed ICC with a total bilirubin level \>2.5 mg/dL were also excluded.[@b13],[@b16]

Before ablation, all patients underwent clinical and biochemical exams (including assays for Ca 19.9 and alpha-fetoprotein), abdominal conventional US, contrast-enhanced US (CEUS), CECT and/or CEMRI. Enhancement characteristics were classified into four patterns: peripheral irregular rim-like hyperenhancement (type I); diffuse heterogeneous hyperenhancement (type II); diffuse homogeneous hyperenhancement (type III); and diffuse heterogeneous hypoenhancement (type IV).[@b15] All tumors were of the mass-forming type. [Tables 1](#t01){ref-type="table"}-[3](#t03){ref-type="table"} report the clinical, biochemical and radiological characteristics of our series according to ablation treatment. Technical effectiveness (i.e. complete ablation of the macroscopic tumor, including a margin of 0.5--1 cm) was evaluated by CEUS and CECT and/or CEMRI at 1 month from the last course of a defined ablation protocol. Complete ablation of the tumor was achieved when no enhancement was shown at 1 month imaging follow-up, whereas any kind of enhancement at this stage was indicative of partial ablation. In these cases, patients were re-treated using the same thermal technique previously used. Patients were followed-up every 2 months with clinical, biochemical examinations, abdominal US, and CEUS. Follow-up CECT or CEMRI was performed every 6 months.

###### Baseline characteristics and laboratory findings of patients treated with MWSA and patients treated with RFA

  Patients' characteristics             MWSA group, *n* = 35    RFA group, *n* = 36
  ------------------------------------- ----------------------- -----------------------
  **Age in years, mean ± SD**           72 ± 10                 75 ± 8
  **Male (%)**                          18 (51.4%)              19 (52.8%)
  **Comorbidities (%)**                                         
   None                                 6 (17.1%)               8 (22.2%)
   Obesity                              13 (37.1%)              11 (30.5%)
   HCV infection                        13 (37.1%)              15 (41.7%)
   HBV infection                        3 (8.6%)                2 (5.6%)
   Child A cirrhosis                    7 (20%)                 8 (22.2%)
   Child B7 cirrhosis                   1 (2.8%)                1 (2.8%)
  **Treatment history (%)**                                     
   Primary treatment                    30 (85.7%)              32 (88.9%)
   Post-surgical recurrence             5 (14.3%)               4 (11.1%)
  **Laboratory findings (range)**                               
   Platelet count in cells/dL, median   97500 (52000--178000)   98500 (56000--176500)
   INR, median                          1.1 (0.9--1.68)         1.2 (0.9--1.70)
   Ca 19.9 in IU/mL, median             53 (16--250)            57 (15--245)
   AFP in mg/dL, median                 21 (8--54)              23 (10--56)

Abbreviations: AFP, alpha-fetoprotein; HCV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; MWSA, microwave ablation; RFA, radiofrequency ablation; SD, standard deviation.

###### The enhancement pattern of the intrahepatic cholangiocarcinoma treated with MWSA during the arterial phase on CEUS and CECT/CEMR, and according to lesion size

  CECT or CEMRI                                CEUS (%)                             
  -------------------------------------------- ---------- --------- ------- ------- ---------
  Type I                                       29 (58)    1 (2)     0 (0)   0 (0)   30 (60)
  Type II                                      0 (0)      14 (28)   0 (0)   2 (4)   16 (32)
  Type III                                     2 (4)      0 (0)     2 (4)   0 (0)   4 (8)
  Type IV                                      0 (0)      0 (0)     0 (0)   0 (0)   0 (0)
  Total                                        31 (62)    15 (30)   2 (4)   2 (4)   50
  Size, median (range): 3.6 cm (2.2--7.2 cm)                                        
  ≤3.0 cm                                      5 (10)     0 (0)     2 (4)   0 (0)   7 (14)
  3.1--5.0 cm                                  19 (38)    9 (18)    0 (0)   0 (0)   28 (56)
  \>5 cm                                       7 (14)     6 (12)    0 (0)   2 (4)   15 (30)
  Total                                        31 (62)    15 (30)   2 (4)   2 (4)   50

Type I (peripheral irregular rim-like hyperenhancement); Type II (diffuse heterogeneous hyperenhancement); Type III (diffuse homogeneous hyperenhancement); Type IV (diffuse heterogeneous hypoenhancement).

Abbreviations: CEMRI, contrast-enhanced magnetic resonance imaging; CETC, contrast-enhanced computed tomography; CEUS, contrast-enhanced ultrasound; MWSA, microwave ablation.

###### The enhancement pattern of the intrahepatic cholangiocarcinoma treated with RFA during the arterial phase on CEUS and CECT/CEMRI, and according to lesion size

  CECT or CEMRI                            CEUS (%)                                    
  ---------------------------------------- ----------- ----------- --------- --------- -----------
  Type I                                   27 (56.2)   4 (8.3)     0 (0)     0 (0)     31 (64.5)
  Type II                                  0 (0)       9 (18.7)    0 (0)     2 (4.2)   11 (22.9)
  Type III                                 2 (4.2)     0 (0)       4 (8.3)   0 (0)     6 (12.5)
  Type IV                                  0 (0)       0 (0)       0 (0)     0 (0)     0 (0)
  Total                                    29 (60.4)   13 (27.0)   4 (8.3)   2 (4.2)   48
  Size, median (range): 3.1 cm (2--8 cm)                                               
  ≤3.0 cm                                  4 (8.3)     0 (0)       4 (8.3)   0 (0)     8 (16.7)
  3.1--5.0 cm                              22 (45.8)   10 (20,8)   0 (0)     0 (0)     32 (66.7)
  \>5 cm                                   3 (6.2)     3 (6.2)     0 (0)     2 (4.2)   8 (16.7)
  Total                                    29 (60.4)   13 (27.0)   4 (8.3)   2 (4.2)   48

Type I (peripheral irregular rim-like hyperenhancement);Type II (diffuse heterogeneous hyperenhancement); Type III, diffuse homogeneous hyperenhancement); Type IV (diffuse heterogeneous hypoenhancement).

Abbreviations: CEMRI, contrast-enhanced magnetic resonance imaging; CETC, contrast-enhanced computed tomography; CEUS, contrast-enhanced ultrasound; RFA, radiofrequency ablation.

All ablation procedures were performed percutaneously under US guidance and under unconscious sedation by five operators (AG, PG, AD, NC, CC) who at the start of the study had at least 5 years of experience in interventional US (with a range of 5--23 years).[@b13]--[@b16] RFA was performed using single perfused electrode needles (HITT Berthold, Erlangen, Germany \[AG\] and RF Medical Company, Seoul, Republic of Korea \[AG and PG\]) and single cold water-perfused electrode needles (Covidien Italia Spa, Segrate, Milan, Italy \[PG, AD, NC and CC\]). MWSA was performed using a high-powered MWS device (Acculis MTA System, Medical Ltd, Hampshire, UK \[AG and PG\], and Amica, HS Hospital Services s.p.a, Rome, Italy \[AG, PG, AD and NC\]) with a single antenna operating at 2450 MHz connected with a powerful generator working from 100 to 140 W.

Statistical analysis {#s2-1}
--------------------

The quantitative data were expressed as mean±standard deviation. Continuous variables and categorical variables were compared using student's *t* test and chi-square test, respectively. Cumulative overall survival (OS) rate was estimated in months using the Kaplan-Meier method, from the beginning of the ablation to death or the last visit, and the differences between subgroups of patients in univariate analysis were determined using the log-rank test. Eleven possible factors affecting survival were analyzed after their transformation in dichotomous variables (i.e. age, sex, presence of cirrhosis, total bilirubin level, Ca 19-9 value, alpha-fetoprotein value, number of nodules, diameter of nodules, surgical recurrence, primary treatment, and type of treatment). Variables with a *p* value ≤0.10 on univariate analysis were included in multivariate regression analysis by using Cox's stepwise regression. Statistical significance was defined by a *p* value \<0.05 in a two-tailed test. Statistical analysis was performed using the SPSS 22.0 statistical software (SPSS Inc., Chicago, IL, USA).

Results {#s3}
=======

The clinical, laboratory and radiological characteristics were comparable between the two groups (*p* \> 0.05). The follow-up of the study ranged between 8 and 86 months (median: 48). OS of all patients at 12, 36, 60 and 80 months was 88%, 65%, 45% and 34%, respectively ([Fig. 1](#f01){ref-type="fig"}). Patients treated with MWSA survived longer than patients treated with RFA (OS was 95%, 75%, 68% and 68% at 12, 36, 60 and 80 months, respectively, in the MWSA group and 86%, 53%, 26% and 13%, respectively, in the RFA group (*p* \< 0.005) ([Fig. 2](#f02){ref-type="fig"}). OS of patients with nodules ≤3 cm was better in the MWSA group than in the RFA group (93%, 67%, 60% and 58% at 12, 36, 60 and 80 months, respectively, vs. 86%, 29%, 14 and 0%, *p* \< 0.005) ([Fig. 3](#f03){ref-type="fig"}). In the subgroup of patients with ICC nodules ≤4 cm, OS of patients treated with MWSA was better than those treated with RFA (*p* \< 0.0005) ([Fig. 4](#f04){ref-type="fig"}). This statistically significant difference was no longer evident when diameter of nodules was \>4 cm (*p* = 0.25).
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Disease-free survival was better in the MWSA-treated group, with respect to the RFA-treated group (*p* \< 0.005) ([Supplementary Fig. 1](#sf1){ref-type="supplementary-material"}). Progression-free survival was 79%, 59%, 55% and 55% at 12, 36, 60 and 80 months, respectively, in the MWSA group and 69%, 51%, 8.5% and 8.5 % at 12, 36, 60 and 80 months, respectively, in the RFA group, with a significant statistical difference (*p* \< 0.005) ([Supplementary Fig. 2](#sf2){ref-type="supplementary-material"}). On univariate analysis, the presence of cirrhosis, diameter of nodules, size of nodules, and type of treatment were independent factors affecting survival. On multivariate analysis, only diameter of nodules and type of treatment were independent factors predicting survival ([Table 4](#t04){ref-type="table"}). No major complications were observed after procedures and the hospital stay ranged between 1 and 4 days (mean 1.7).

###### Significant variables for overall survival in the univariate and multivariate analysis

  Significant variables                            Univariate analysis, OR (95% CI)   *p*     Multivariate analysis, OR (95% CI)   *p*
  ------------------------------------------------ ---------------------------------- ------- ------------------------------------ -------
  Age in years: ≤60 vs. \>60                       1.122 (0.738--1.727)                                                            
  Male sex: yes/no                                 0.929 (0.532--1.1791)                                                           
  Cirrhosis: yes/no                                0.989 (0.841--2.788)               0.002                                        
  Total bilirubin level in mg/dL: ≤2.5 vs. \>2.5   3.020 (1.631--5.579)                                                            
  Ca 19.9 in IU/mL: ≤40 vs. \>40                   1.149 (0.748--1.729)                                                            
  AFP in mg/dL: ≤20 vs. \>20                       1.151 (0.751--1.1734)                                                           
  Size of nodules in cm: ≤3 vs. \>3                1.161 (0.750--1.359)               0.003   1.527 (1.868--2.077)                 0.002
  Number of nodules 1 vs. \>1                      1.37 (0.791--1.733)                0.003                                        
  Primary treatment vs. surgical recurrence        0.989 (0.754--1.311)               0.986                                        
  MWSA vs. RFA                                     2.079 (1.191--2.730)               0.002   1.899 (1.227--2.888)                 0.001

Abbreviations: AFP, alpha-fetoprotein; CI, confidence interval; MWSA, microwave ablation; OR, odds ratio; RFA, radiofrequency ablation.

Discussion {#s4}
==========

Our retrospective study showed that MWSA is superior to RFA in treatment of patients with ICC not amenable to surgical resection. Furthermore, results of our series show that MWSA achieves a better survival in patients with nodules ≤3 cm as well as those up to 4 cm, as compared to RFA. In our opinion, this can be explained considering the intrinsic characteristics of MWSA with respect to RFA. In fact, compared to RFA, MWSA induces a larger volume of necrosis in a faster time and determinates a spherical shape of the ablated area.[@b13],[@b14] Therefore, from an interventional point of view, it is conceivable that MWSA, inducing a better local tumor control, allows an increased survival, both considering the results in terms of OS and considering the disease-free survival and progression-free survival rates of our series.

To our knowledge, there are no studies comparing the two thermal techniques in treating ICC not amenable for surgical resection. Generally, previous studies have reported only results using one of the two techniques in treating ICC patients. Recently, however, Takahashi *et al.*[@b17] retrospectively reviewed the outcome of 20 patients with 50 ICC nodules (mean size: 1.8 ± 1.3 cm) treated mainly with RFA (88% of nodules) or MWSA between 2006 and 2015. In their experience, there was no difference between the two techniques for local tumor progression. We must consider that in the study of Takahashi and colleagues,[@b17] the ICC-treated nodules were too small and the difference between the two groups (RFA and MWSA) was clearly unbalanced in favor of the RFA (88% of nodules).

Zhang *et al.*[@b18] reported the clinical and survival outcomes of 101 ICC patients treated with MWSA between 2009 and 2016. According to their results, Child-Pugh class of cirrhosis and the number of nodules were independent factors affecting survival. Xu *et al.*[@b19] reported a retrospective comparison between MWSA and surgical resection in patients with recurrent ICC. They concluded that percutaneous MWSA can be considered comparable with surgical resection and should be a valid alternative to surgery in treating recurrent ICC after hepatectomy. Our results, although retrospective, seem to show that MWSA could be a valid alternative to surgery not only in patients with nodules ≤3 cm but also in the subgroup of ICC patients with nodules between 3 and 4 cm in diameter.

Our study has many limitations. First, it is a retrospective study, with all the implications that this has in the analysis of the results. In fact, it is well known that retrospective studies give less reliable results compared to prospective studies. Moreover, in our study the indication of procedure (i.e. RFA or MWSA) was not chosen in a randomized manner but on a case-by-case basis depending on the patient and the operator. Second, the type of ablation devices used in our series was quite different among the five different Interventional Units and this could have affected the results. It should also be considered that, at the beginning of the study, the skills of the physicians involved in the ablation procedures could have been not exactly the same. Finally, only a single electrode needle (in the case of RFA) and only a single antenna (in the case of MWSA) were used in all procedures. Probably, the use of cluster RF electrode needles or more than one MWS antenna could have induced a better local tumor control and a better survival in cases of larger nodules. On the other hand, it is conceivable that when using multiple applicators, the risk of bleeding would be doubled or tripled while, in our series, no bleeding event was observed.

In conclusion, in our experience, MWSA seems to be superior to RFA in treatment of ICC nodules in patients unfit for surgical resection, in nodules ≤3 cm as well as in nodules up to 4 cm, inducing better OS and better local tumor control. Because our results were obtained from a real-life retrospective study and from a limited number of centers, further prospective controlled randomized trials with a larger number of patients are needed to confirm our results.

Supplementary Information
=========================

###### Disease-free survival in patients treated with MWSA vs. patients treated with RFA.

###### 

Click here for additional data file.

###### Progression-free survival in patients treated with MWSA vs. patients treated with RFA.

###### 

Click here for additional data file.
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